We report the observation of coherent heteronuclear spin dynamics driven by inter-species spinspin interaction in an ultracold spinor mixture, which manifests as periodical and well correlated spin oscillations between two atomic species. In particular, we investigate the magnetic field dependence of the oscillations and find a resonance behavior which depends on both the linear and quadratic Zeeman effects and the spin-dependent interaction. We also demonstrate a unique knob for controlling the spin dynamics in the spinor mixture with species-dependent vector light shifts. Our finds are in agreement with theoretical simulations without any fitting parameters.
Understanding collective spin dynamics is a problem of fundamental importance in modern many-body physics. For example, it underlies the pursuit of spintronics in which spin, rather than charge, is the primary carrier for information processing [1] . Central to the understanding of spin dynamics is the role of spin-spin interactions, which exists between identical as well as distinguishable spins, and their interplay with the (linear and quadratic) Zeeman effects. In this regard, the ultracold spinor quantum gas [2, 3] provides a powerful platform for investigating spin dynamics due to the high controllability. So far, a rich variety of phenomena have been explored experimentally, including spin oscillations [4] [5] [6] [7] [8] [9] [10] [11] in spinor BoseEinstein condensate (BEC) and in thermal Bose gas [12] , as well as various types of spin textures [13] [14] [15] [16] . Very recently, coherent spin dynamics and giant spin oscillation of a Fermi sea [17] and its relaxation [18] have been investigated.
Until now, however, spin dynamics in ultracold atoms has been explored only in a single atomic species. Here, we realize a system consisting of distinguishable spin-1 atoms of 87 Rb and 23 Na, and demonstrate well-controlled and long-lived coherent spin oscillations between them. Our study brings out several unique features of the spinor mixtures. (1) For collisions between two distinguishable spin-1 atoms, there is no exchange symmetry requirement and the interaction takes place over all possible total spin F channels [19] [20] [21] [22] [23] [24] [25] . On the other hand, only even F are allowed for homonuclear collisions. (2) In a single species spinor gas, spin dynamics is governed by the competition between the spin-dependent interaction energy and the quadratic Zeeman shift [26] , while the linear Zeeman shift can be gauged away as magnetization is conserved. In the case of a spinor mixture, both linear and quadratic Zeeman shifts are important. (3) Because the two species have different electronic structures, a differential effective magnetic field can be generated with a spin-dependent ODT. Together with the external magnetic field, this can be used to further control the spin dynamics.
The interaction between two heteronuclear spin-1 bosons at a distance r can be written as [19, 20] ,
where α = (g 1 + g 2 )/2 represents the spin-independent interaction. The strength of spin-dependent term is given by β = (g 2 −g 1 )/2. The third term, γ = (2g 0 −3g 1 +g 2 )/2, operates only in the total F = 0 channel via the projection operator P 0 . f 1 and f 2 label the hyperfine spin of two different atoms. The coupling constants g F = 2π 2 a F /µ are determined by the s-wave scattering lengths a F of the corresponding F channels and the reduced mass µ, where is the Planck's constant. From previous studies [27, 28] , we have determined (α, β, γ) = 2π 2 a B /µ× (78.9, -2.5, 0.06), where a B is the Bohr radius. Similar to homonuclear spinor gases of 23 Na and 87 Rb, both β and γ are much smaller than α [29] . The negative β indicates a ferromagnetic heteronuclear spin-spin interaction, which tends to align the spins of the two species along the same direction.
Let us consider the collision between a 87 Rb atom in spin state |m 1 and a 23 Na atom in spin state |m 2 , which we denote as |m 1 , m 2 in the following. Here m = ±1, 0, corresponding to the three Zeeman sub-levels of the f = 1 hyperfine state. The magnetic energy associated with |m 1 , m 2 will be denoted as E m1,m2 (B). The aforementioned β and γ terms can support several possible heteronuclear spin changing processes as long as the population of each species and the total magnetization along the magnetic field B, are conserved. This is in stark contrast to the homonuclear spin-1 case, where only one spin changing process 2 |0 ↔ |1 + |−1 is allowed. In this work, we focus on the following heteronuclear spin changing process,
which is driven solely by the β term [30] . Intuitively, coherent spin dynamics of Eq. (2) can be understood from the interplay between the spin- (color online) Magnetic energy diagram for two heteronuclear spin changing processes driven by β term. The three spin states are represented by three small arrows and atomic species are color coded. ∆E sets the energy difference between the two states involved. For the process in Eq. (2), |0, −1 ↔ |−1, 0 (blue curve), ∆E crosses zero at B0 = 1.69 G, while at the same field, for the process |0, 1 ↔ |1, 0 (red curve), ∆E is around 1000 Hz. In the vicinity of B0, the small spin-dependent interaction energy couples the two relevant states (|0, −1 , |−1, 0 ) and visible oscillations occur when its strength is comparable to ∆E. While the other homonuclear and heteronuclear processes, including |0, 1 ↔ |1, 0 , are far detuned and oscillations are greatly suppressed. dependent interaction energy (β term) and the difference of total Zeeman energy between these two states:
, as depicted in Fig. 1 . In analogy to a driven two-level system, when the two energies are very different, the system undergoes detuned oscillations with large frequency but small amplitude. On the other hand, when the two energies are comparable, the system oscillates with low frequency but large amplitude [26] . Due to the small magnitude of β, typical spin-dependent mean-field energy is of the order of 10 Hz, and as a result, visible heteronuclear spin oscillations can only occur near ∆E = 0. As shown in Fig. 1 , ∆E depends on the magnetic field B in a non-monotonic manner, and in particular vanishes at a field B 0 = 1.69 G, where one expects resonant spin dynamics. This coincidence is a result of the slightly different Landé g-factors for 23 Na and 87 Rb, including contributions from both the linear and the quadratic Zeeman energies [29] . Near B 0 , homonuclear spin dynamics is greatly suppressed due to large quadratic Zeeman shifts and the heteronuclear spin dynamics for otherwise allowed spin changing processes are also suppressed due to large detuning. For example, the magnetic energy difference for the spin changing process |0, 1 ↔ |1, 0 is larger than 1000 Hz and will be substantially suppressed. Thus, working near B 0 , we can single out the process in Eq. (2) and obtain clear signatures of heteronuclear spin dynamics.
The considerations above offer only a qualitative picture of the inter-species spin dynamics. Experimentally, we use a bulk sample consisting of an essentially pure 23 Na BEC and a thermal gas of 87 Rb to increase the overlap of the two clouds. This many-body system is distinctively different from the conventional two-level system since spin-and density-dependent mean-field interactions enter nonlinearly into the equations of motion and furthermore, vary in the course of spin dynamics [29] . One of the important consequences is the appearance of two magnetically tuned resonances as we shall discuss momentarily.
We produce the ultracold mixture of 23 Na and 87 Rb atoms in a crossed ODT with both atoms initially prepared in the spin state |−1 [27, 31] . To initiate the spin oscillations, we apply a radio-frequency (rf) Rabi pulse to simultaneously prepare a coherent superposition state with most population in |−1 and |0 for both Rb and Na, while populations in the |+1 states are typically less than 10%. To monitor the spin dynamics, we detect the fractional spin population ρ 
is the total number of atoms of species i, with i = Na, Rb. dynamics driven by heteronuclear spin exchange interaction. This is even more clearly exhibited in the magnetization dynamics of the two species. The fractional magnetization for each species is
is the total number of atoms. As shown in Fig. 2c , 2d and the inset, M Na and M Rb are not conserved, but total M is conserved within a few percent. The coherent oscillations of M Na and M Rb with a π-phase difference is a clear signature of the coherent heteronuclear spin exchanging process. The clean oscillations between the |−1 and |0 states also indicates that homonuclear and the other heteronuclear spin changing processes are greatly suppressed.
Similar measurements of spin dynamics are performed for a range of magnetic fields; three examples for Rb are plotted in Fig. 3a . Away from B 0 , fast oscillation with small amplitude can be observed, while very close to B 0 , e.g. at B = 1.7 G (middle), the oscillation is slow but with large amplitude. One further feature is worth noticing. Compare oscillations at B = 1.5 G (top) and 1.9 G (bottom), we note that the initial slopes of population change for the same spin states have opposite signs on different sides of B 0 . This is a direct reflection of the sign change in ∆E, as depicted in Fig. 1 . Similar behavior is observed for Na. These correlated spin oscillations for two species are well reproduced in our numerical simulations and furthermore are consistent with the ferromagnetic exchange interaction β < 0.
We extract the oscillation amplitudes and periods for different magnetic fields and summarize the results in Fig. 3c and 3d . Near B 0 , the system is in the interaction dominated regime where an asymmetric double peak appears in the oscillation amplitude with a nonzero dip in between. This can be understood by noting that resonances appear when the absolute values of ∆E and spin-dependent interaction are comparable, which can occur on either side of B 0 , analogous to the single species case where ∆E is tuned by quadratic Zeeman shift [32] . However, the exact resonance positions depend also on homonuclear spin-dependent interactions and initial conditions. The double peak behavior is, however, not readily distinguishable in the period where only one peak is observed [29] .
To understand the observed spin dynamics quantitatively, we model the Na condensate with the time dependent Gross-Pitaevskii equation [21, 30] and the thermal Rb cloud with the kinetic equation for the Wigner distribution function [12, 33, 34] . The dynamics of the two species are coupled through the interaction in Eq.(1). Within the random phase and single mode approximations [29] , our simulation agrees well with the measurements, as shown in Fig. 3c and 3d . The simulated oscillation frequency shows only a small kink near B 0 , in accordance with the experiment.
A unique feature of the heteronuclear spin dynamics is its dependence on the vector light shift, which is spinand species-dependent [29] . In the following, we tune the ellipticity of the ODT beams to further control the coherent spin dynamics. In the case of large detuning ∆, exceeding the excited state fine structure splitting ∆ FS , the spin-dependent vector light shift is [35] 
where ω 0 is the energy splitting between the ground state and the center of the D-lines, and I( r) is the light intensity. The factor ℘ characterizes the amount of circular polarization with ℘ = 0 for linear and ℘ = ±1 for pure σ ± circular polarizations, respectively. U m can be treated as a"fictitious magnetic field" in the light propagation direction [36] . Its projection, B ac , along the quantization axis alters the effective magnetic field seen by the atoms. Due to the larger ∆, ω 0 and smaller ∆ FS for 23 Na, B ac for 23 Na is more than hundred times smaller than that for 87 Rb. For our final ODT, B ac ≈ 1.6 mG for Rb and 14 µG for Na if ℘ = 1. So effectively speaking, by tuning ℘, we can control the linear Zeeman energy for Rb and Na independently [29] . The measurements shown in Fig. 2 and Fig. 3 are performed with B ac essentially zero.
Although small, B ac has a dramatic influence on the heteronuclear spin dynamics. For simplicity, the much smaller B ac for Na is ignored from now on. On the other hand, the much larger B ac for 87 Rb can shift ∆E significantly, as illustrated in Fig. 4a . For B ac < 0, the zero crossing point is shifted to smaller external magnetic fields. Eventually, for B ac < −0.2 mG the entire ∆E curve is shifted to below zero and the zero crossing disappears. In such cases, the spin dynamics will be essentially driven by Zeeman energies with a peak at the field of minimum |∆E|. When B ac > 0, the zero crossing point and thus the resonance position always shifts to higher magnetic field.
Experimentally, ℘, and hence B ac , can be tuned by applying the external magnetic field in the horizontal plane and inserting a λ/4 waveplate into one of the ODT beams. Here ℘ = sin(2θ), where θ is the angle between the waveplate's axis and the input linear polarization of the light. For the typical range of θ varied in our experiment without causing significant heating, B ac ranges from −0.32 to 0.32 mG. As shown in our measurement in Fig. 4b , a rather small B ac can cause a significant change of the resonance position. For example, at B ac = 0.32 mG, the resonance is shifted upwards by about 0.4 G. On the other hand, for negative B ac such that the zero crossing disappears, the lineshape of the oscillation becomes much broader, as for example when B ac = −0.32 mG, where the oscillation is always far off resonance.
In conclusion, we have observed interaction driven coherent spin changing dynamics between two different spin-1 Bose gases. Both the oscillation period and amplitude can be tuned over a large range with either external magnetic fields or, quite unique to our system, the light polarizations of the ODT. This latter capability is especially promising because it allows sensitive and versatile control of the spin dynamics, as demonstrated in our experiment. Our system may also serve as an ideal platform for simulating complicated spin dynamics in solid state physics, such as coupled electronic and nuclear spin systems. 
I. EXPERIMENTAL METHODS

A. Preparation of the spinor mixture
We produce the ultracold mixture of an essentially pure 23 Na BEC with 1.0×10 5 atoms and a 87 Rb thermal gas with about 6.3×10
4 atoms in a crossed ODT, following the procedure described in [1] . Thermal 87 Rb is used here to increase the overlap between two species as double BEC is immiscible [1] . The number imbalance is chosen such that the 87 Rb cloud is ∼100 nK above its BEC transition temperature. The final stage of the evaporation is performed in the presence of a 2 G magnetic field to make sure that all atoms are polarized in the |−1 spin state. The final trap frequencies for Rb and Na are 2π × (110, 215, 190) Hz and 2π × (98, 190, 168) Hz, respectively. The average density is 5.9×10
13 cm −3 (6.5×10 12 cm −3 ) for Na (Rb). Along the vertical direction, the Thomas-Fermi radius of the Na BEC is 7.1µm and the size of the thermal Rb cloud is 5.1µm. There is a differential gravitational sag of about 2.4µm due to the trap frequency difference in the vertical y-direction.
The magnetic field is then tuned to values near B 0 , which are calibrated to within ±1 mG with microwave Rabi spectroscopy performed on Rb. A rf pulse with Rabi frequency much larger than the quadratic Zeeman energies is applied afterward for spin states initialization. Three-level Rabi oscillations are observed for both species simultaneously and we choose a pulse duration of 10µs, which corresponds to a pulse area of π/3, in order to put most of the populations in the |−1 and |0 states.
B. Spin population measurement
After holding for various durations, we switch off the ODT and detect the spin population of each species with spinselective Stern-Gelarch time-of-flight absorption imaging, by applying a magnetic field gradient during the expansion. For each experimental run, we take two images, one for each species. To obtain accurate atom numbers, our image system is calibrated for both Na and Rb [2, 3] .
C. Fitting of the spin oscillations
Spin oscillations have the same period for Na and Rb. But due to the smaller number of Rb and the the fact that total M is conserved, the fractional populations of Rb show larger oscillation amplitude than Na and offers better signal to noise ratio. We thus fit the Rb oscillation only with a damped sinusoidal function of amplitude A i for various spin components and period T ρ i (t) = C i + A i e −t/τ sin(2πt/T + ϕ),
where C i is an offset determined by the initial state. τ is the damping constant and ϕ is the initial phase of the oscillation. Close to B 0 , oscillations are typically strongly damped, in which case, only the first few periods are used in the fitting. 
where p and q are the linear and quadratic Zeeman shifts, respectively. Both of them can be obtained from the power series expansion of the Breit-Rabi formula. The fine structure and nuclear Landé g-factors are g J = 2.00233113 (2.0022960) and g I = −0.0009951414 (−0.0008046108) for Rb(Na) [4] . The different values of parameters (g J and g I ) for Na and Rb renders different linear as well as quadratic Zeeman shifts (p and q), and we have to keep both terms in the theoretical treatment.
With these g-factors, the Zeeman energy difference ∆E (B) (see main text) is calculated. For the spin exchanging process |0, −1 ↔ |−1, 0 which we are focusing on in this work, ∆E = 0 at 1.69G.
In the presence of light induced effective magnetic field B ac , the ∆E = 0 point will be shifted to new values determined by replacing B with B + B ac for Rb. As discussed in the main text, the much smaller light induced B field on Na can be ignored. For Rb, p Rb /B ≈ 702.369 kHz · G −1 . As B ac is typically small in our system, its contribution on q can also be ignored.
B. Calculation of light induced effective B field
As the frequency of our ODT laser is red detuned with respect to the Rb and Na D-lines with detunings ∆ much larger than the fine structure splitting ∆ FS , the optical trap potential can be approximated as [5] U dipole (r) = U scaler (r) + U m (r) = 3πc
Here c is the speed of light and g f is the hyperfine Landé g-factor. Γ and ω 0 are the natural linewidth and transition frequency of the D-lines, respectively. For the f = 1 hyperfine state, we have m = 0 and ±1. U scaler is from the scalar polarizability which causes an overall shift to all m-states. U m is from the vector polarizability and is m-dependent. It is only present when the circular polarization component ℘ is not zero. Effectively, the vector potential can be treated as a magnetic field [6] . Our ODT is formed by two linear and orthogonally polarized beams propagating in the horizontal plane and crossing each other at an angle of 62
• . To generate the effective magnetic field, we insert a λ/4 waveplate into one of the ODT beams. The crystal axis of the waveplate is first aligned with the light polarization. Then by rotating the waveplate, we can control ℘ = sin(2θ), with θ the angle of rotation.
Experimentally, θ has been limited to ±6
• as excessive heating occurs at larger θ, probably due to interference between the two ODT beams. After obtaining the light intensity from the measured laser power and beam waist, we calculate the effective B field as
with φ the angle between the laser beam and the quantization axis defined by the externally applied magnetic field. Here µ B is the Bohr magneton. When the quantization axis is along the vertical direction, φ = 90
• and thus B ac is essentially zero. This is the case for the measurements presented in Fig. 2 and Fig. 3 of the main text. When the quantization axis is in the horizontal direction, φ = 31
• and thus we can have a non-zero B ac for finite ℘.
III. SOME PARAMETERS USED IN THE CALCULATION
In this section, we give explicit expression for some parameters that enter the theoretical simulations.
A. scattering lengths
For the homonuclear cases, the total spin can only be F = 0 and 2. As listed in Table S1 , a 0 and a 2 are taken from [13] for Rb and [14] for Na. The spin-dependent interaction is determined by the scattering length difference ∆a = a 2 − a 0 . We notice that uncertainties remain in ∆a as reported by several groups [15] [16] [17] [18] . The heteronucelar scattering lengths in Table S1 are calculated based on the electronic singlet and triplet scattering lengths, and the molecular potentials in [11, 12] . The uncertainties of these values are on the one percent level.
Rb-Rb
Na-Na Rb-Na F = 0 a TABLE S1 . Homo-and heteronuclear total spin scattering lengths used in our simulation. All the scattering lengths are given in aB, the Bohr radius.
The uncertainty in these scattering lengths is one of the main causes of the small discrepancy between theory and experiment in Fig. 3c and Fig. 3d of the maintext. 
B. Interaction parameters
For the homonuclear case, the two-body interaction can be expressed as
The interaction parameters c (0,2) Na,Rb can be written as
Na,Rb + 2a
Na,Rb − a
The parameters α, β and γ can be written as
Rb−Na + a
Rb−Na − 3a
where µ = m Na m Rb /(m Na + m Rb ) is the reduced mass.
IV. THEORETICAL CALCULATIONS
In the main text, a simple picture based on two-level system is introduced. Such a picture is helpful for establishing an intuitive understanding of the spin dynamics, but cannot catch all the many-body effects. For a complete description, we have developed a mean-field model. Here both the two-body and the many-body theories are presented.
A. Two-body theory
Let's focus on the spin changing process |0, −1 ↔ |−1, 0 , and ignore influences of all other processes. As M = m 1 + m 2 = −1 is conserved, the above spin changing process involves only total spin F = 1 and 2 channels. The spin-dependent interaction Hamiltonian can then be expressed as
Evaluate the Clebsch-Gordan coefficient between |m 1 , m 2 and |F, M , we have
Thus in the basis of |0, −1 and |−1, 0 , H I can be expressed as
where (g 2 − g 1 )/2 is exactly the spin-dependent β term. The Zeeman energy can be written as
and the total Hamiltonian is
The generalized Rabi frequency of the two-particle system is given by
At B 0 = 1.69 G, where ∆E(B) = 0, this model predicts resonant oscillation with the longest period and largest amplitude. This result disagrees with our observation apparently. On either side of B 0 , we should have detuned oscillations with shorter periods and smaller amplitudes. When ∆B is much larger than g 2 − g 1 , the amplitude becomes too small to be observed. Our measurements in this region agree with this prediction qualitatively. The oscillation period can be well approximated as 1/Ω.
B. Many-body theory
In this part, we outline the basic kinetic approach that we employ to interpret the experimental data. For 87 Rb thermal cloud, the evolution of spin polarization as well as spatial distribution can be described, within semiclassical approximation, with the so-called Wigner function
where ψ i (r) is the Heisenberg annihilation operator for Rb atom with spin α and at position r. In our calculation, all three spin components of the F = 1 manifold of the 87 Rb are taken into account and as a result, g ij (R, p; t) is a 3 × 3 matrix. In the following, we shall label the Zeeman levels by i, j = −1, 0, 1 for both Na and Rb. The equation that governs the time-dependences of the Wigner function g ij (R, p; t) can be written in the following general form [7] ∂g(R, p; t) ∂t
where I Rb is the collision integral that describes the effects of interactions that are not captured in the effective potential U Rb (R, p; t), which is in general a (matrix) function of R, p and t. In our calculation, U Rb (R, p; t) is obtained within the random phase approximation (RPA), which we generalize to the case of Bose-Bose mixtures. The anti-commutator {A, B} and the commutator [A, B] refer to quantities in spin space.
For the Na condensate, we shall make use of the mean-field Gross-Pitaevskii approximation. Let the field operator for the Na condensate to be φ i (r, t), then we can replace it by its expectation value φ i (r, t) → φ i (r, t) , which we will denote simply as b i (r, t). To find the expression for U Rb (R, p; t) and the time dependences for b i (r, t), we shall start Namely, the R and p dependences of n Rb,ij is given by thermal distribution, independent of time, while its spin dependence is given by σ ij (t). Here
is the classical partition function. For Na condensate, we write
where the total condensate density of Na, n c (R), is independent of time. The spin part of the condensate wave function is given by ζ i (t) which carries all the time-dependences. The matrix σ and the spinor ζ i satisfy the following conditions:
We shall use a Thomas-Fermi form for the condense density distribution in the harmonic trap (see Sec.III),
where
Rb y is due to gravitational field, and R x , R y and R z are the Thomas-Fermi radius of the condensate cloud and n c (0) is the central density.
With these preparations, we can substitute eqn.(S31) into eqn.(S19) and integrate over R and p on both sides. Let us neglect the collision integral I Rb , which contributes to the damping of the oscillations and will not be discussed in this work. The second and third terms in the left hand of eqn.(S19) vanishes upon integration over R and p. As a result, we find
where we have defined
where N Rb,Na are the numbers of atoms for Rb and Na.n andn tc are defined bȳ
We have also defined the matrix τ in terms of its matrix elements
and the matrix
The equation for the condensate order parameter b can be written in terms of τ , in a similar form as for σ. By substitute eqn.(S33) into eqn.(S29) and integrate over R, we find
with where U σ is defined to be
Equations (S36) and (S42) describe how the spin evolves under the influences of the effective external "fields", M TG and M BEC .
C. Numerical simulations
In this subsection, we discuss in some more detail the numerical calculations of the spin dynamics in a mixture of spinor Bose gases, based on the many-body theory outlined in Sec.IV B. We shall focus on two aspects of the spin dynamics in this section: (1) the period, amplitude and phase of the oscillation and (2) the double peak feature of spin resonance.
In Fig.S1 , we present the numerical simulations for three different magnetic fields B = 1.55G, 1.7G and 1.8G. To the left of the resonance, B = 1.55 G, the oscillation is far off resonance, which results in large frequency oscillation with, however, smaller amplitude. We also note that the phase of the oscillation are consistent with the experimental observation. In Fig.S1 , we also show that the populations in the remaining states m F = 1 stay almost a constant throughout the simulation. Similarly, for B = 1.8 G, to the right of the resonance, the oscillation frequency is high while the amplitude is small. The initial oscillation phase of the m F = 0 is opposite to that at B = 1.55 G and is consistent with experiment. Close to resonance at B = 1.70 G, the amplitude of the oscillation is very large while the frequency is very low. All the above are qualitatively consistent with two-particle picture.
A qualitatively new feature emerges close to the resonance, where the single resonance peak predicted by the twobody theory split into two. This feature depends on the initial state of the spinor mixture and furthermore, depends on the relative population of the two species. In Fig.S2 , we show the amplitude and frequency of the spin mixing for an equal mixture of Rb and Na atoms. Clear double peak structure are observable in both amplitude and frequency. While in our experiment, the double peak is only apparent in the amplitude due to the number imbalance.
Finally, in our numerically simulation, the effects of damping have not been included. However, one feature that is common to our experimental observation is that the damping has the strongest effect close to resonance. This can be explained by noticing that the effects of spin-spin interaction is the strongest, as compared with the single particle Zeeman energy in this region. As a result, one expects significant damping there. Other sources of damping may come from the residual magnetic field gradient in our experiment, which tends to drive the sample into incoherent mixture through spin diffusion. This later effect is very important in our system also since the Na condensate cloud is much larger than the Rb cloud and spin density gradient are very large especially close to the interface of the two cloud. We intend to study these effects more carefully in a separate publication.
